


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1971 


Harmonic analysis of satellite sensed 
temperatures along latitudes of both 
hemispheres for the period 15 May to 28 July 1966 


Krall, John James 


Monterey, California; Naval Postgraduate School 
http://ndl.handle.net/10945/15738 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
(8 DUDLEY research materials and institutional publications created by the NPS community. 
«ist sae Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 


INN KNOX appointed — and published -- scholarly author. 

| LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


HARMONIC ANALYSIS OF SATELLITE 
SENSED TEMPERATURES ALONG — 
LATITUDES OF BOTH HEMISPHERES. 
FOR THE PERIOD: 3 

15 MAY TO 28 JULY, 1966 


JOHN JAMES KRALL 


LIBRARY 
NAVAL POSTGRADUATE SCHOOL 


MONTEREY, CALIF. 93940 




















United States 
Naval Postgraduate Schoo! 





HARMONIC ANALYSIS OF SATELLITE SENSED 
TEMPERATURES ALONG LATITUDES OF BOTH 
HEMISPHERES FOR THE PERIOD 
15 MAY TO 28 JULY 1966 
by 


John James Krall 


Thesis Advisor: Bee iit 


September 1971 


Approved for public xclease; distribution unlimcted. 





Harmonic Analysis of Satellite Sensed Temperatures 
Along Latitudes of Both Hemispheres for the 
Period 15 May to 28 July 1966 


by 


John James Krall 
Lieutenant Commander, United States Navy 
B.A., University of Minnesota, 1962 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN METEOROLOGY 


from the 


NAVAL POSTGRADUATE SCHOOL 
September 1971 





ABS TRACT 


The object of the study is to examine the climatology of NIMBUS II satellite- 
sensed window-channel equivalent blackbody temperatures for the period 15 May 
1966 to 28 July 1966. Fourier analysis was applied to these temperatures at select- 
ed latitudes in the Northern and Southern Hemispheres. | 

The total variance, as well as the percentage contribution to variance by in- 
dividual waves | through 8, along the selected latitudes is examined. In addition 
correlation coefficients between adjacent key latitudes are computed and inter- 


preted. 
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|, INTRODUCTION 


Globally-averaged NIMBUS I! window-channel radiances for a seventy-five 
day period are examined from the results of their Fourier analyses along selected 
latitudes, The NIMBUS Il medium resolution infrared scanning radiometer carried 
a window channel (channel 2), with half-power ecnise in the 10-11 micron 
range. This channel is calibrated to sense equivalent blackbody temperatures 
cine, representative of the surface in clear sky areas and cloud tops in thick over- 
cast areas. Thus, anomalously warm temperatures usually represent surface tem- 
peratures in clear areas while anomalously cold temperatures represent temperatures 
of the iop of heavily clouded areas, except in ice-covered areas, Areas of scattered- 
to-broken cloud coverage and of mixed cloud types do not have these extremes of 
equivalent Ty, values, instead the values of equivalent blackbody temperatures 
do not differ significantly from those expected for climatological cloud top level 
temperatures appropriate to the particular geographic locality and season, 

Fifteen successive global maps of five-day mean equivalent blackbody tem- 
peratures during 15 May 1966 to 28 July 1966 serve as the basis of the examined 
data, Figure | depicts the mean temperature field for the entire 75 day period. 
Figures 2 through 6 represent five consecutive fifteen-day mean maps for the per- 


iod 15 May through 28 July 1966. 





"UlAJOY saalbap O/Z = O/ 


‘ajduipxs ‘ainjyoreduiay UlAjay 0 4O SyIBIP OMY 4S] BUY JIM Palaqn] 1D soUrjos! oiNyosodwoy oul 


"IL SQGWIN Aq pesuas so 996) Ane gz 0} Any Gt poliad Anp cy aus 404 pjaly ainyosoduray uDayy "| ainBry 


& 
) 
& 





e 
°o 
Pw 


\ \- 
ae 


2 


° 
o 
Le) 


© 
<3 
Yu 


5} 


iE 
Ie 


ti 





rears 








| 

















g 














oe : | I | re 
=> | | | Uh DETR 


OG! ACI 006 009 30€ 





"ULA{ay seesBap 
O/Z = OL ‘ainjoredwiay UIAJay 0 Jo syiBIpP OM] 450] SU YIM Pajeqn] a1O soUljos! siNjoJodway oy] 
“HE SAGWIN 4q pesuas so 9961, ADW 6% OF ADW SI ‘E-| Spotted Joy pyely Ssinjoiodusy upayy °Z aunbi 


MAs0GI 





.06 09 3.06 
of _of ov ee aes ae 
eee V 

| | 


} 
1 



































GN aie 


002 
006 209 30€ 





“ulAlasy) seaubop 
OLZ =OZL “S4njosaduiay ULAJay DO yo SyIBIP OMY sO] SUL UJIM PajaqD] d1D saUI|OS! SINyoJodWay4 OU] 
“IE SNGWIN 49 pasuas so 996, aunr Eg] OF AD: OF ‘9-4: Spolsad Joy pjaly ainyosodwiay uDsyy *E aINBIY 


8 
e 
©] 
ce 
°o 
LP) 
@ 
° 
oO 


006 202! 





e 
° 
h 


2a 
& 
ae: 


[C. 
= 





g 
3 





i 

















“UlAjay SaasGap 
O/Z =OZ ‘ainjotadway ulAtayy D Jo syiBip omy {SD] BUY UJIM pajaqn] alD souljos! ainjoladway aul 
"IE SQGWIN 4q pasuas so 996, auNr gz Oo! oun py) “6-,/ spotsad JO} pal} Sinjoioduway unayy “py ainBi4 


20€ 20 


O€ 


009 006 Oc! MeOG! 08! OSI O02! 006 009 3O0€ 


























"UlAIay saa.ipap 0/Z = 07 
<a |dwpxa ‘ainjosisdwa} ULA[D>} D JO sy1B1p Oom4 JSD] Suf ULIM pafaqo{ aio saulsos! ainyosodway oul 


“IL SNAWIN Aq pasuas so 996) Aine 1] OF auNr EZ ’Z]~-Q] Spolsad Joy pjaiy ainjosodway uDayy “Cc aunBly 


= 
. 





e 
oO 
- 
C | 


° 
+ 





3 


7} Hts 
A 











eOlos 
SS mee a 
pig aa. 





06 
00 








Ll; | 
~- i Fs : 
Uh AL ox 

30€ 


20S! 00! 006 09 





i 
Es Ke 





PUlAJO>| SBBIBAP O/Z = O/ 
ajGuipxe ‘ainjyoisduiojy ULAJOY D Jo syidID OMY {SO} 84} YJIM pajeqn] aio souljos oinjorsdway oul 


"IE SQQ@WIN 4Q pasuas so 9961 Alar gz o4 Ajar Vi “SL-€ | Spolsed soy Pjoly SINpoJodwas udDayy °9O a1nBi4 


o) 
” 





} 
sam 
Px 
= 











an 


i 











ATT) 





| 2 
Bt 




















eee lise DAA 


The NIMBUS Il satellite data of the window channel was interpreted for the 
effective temperature sensed, and is displayed for purposes of this study ona 
Mercator projection. The data was resolved at five degrees of longitude, true 
at the equator on a scale of 1:40M. Along each latitude, seventy-three NIMBUS 
Il temperatures, to the nearest whole degree, were encoded in a serial manner, 
west to east, at five degree longitude grid point intervals. The maps utilized 
40 north-south grid-mesh intervals to cover the latitude range 70S to 7ON,. From 
this array of 41 latitudes, eight key latitudes were chosen for representation of 
the harmonic analyses. The key latitudes selected were approximately 50N, 30N, 
ISN, 5N, 58, 158, 30S, 50S, which correspond respectively to the following 
latitudes resulting from superimposing the grid array on the Mercotor projection, 
me, 20.2N, 14,3N_4.4N, 5.65, 15.45, 29.28, and 48.58. Because lati- 
tudes of gridded data differ only slightly from key latitudes, the two sets will be 
considered coincident. This latitude selection was designed to d2!ermine mean 
amplitude and phase-relationships between (1) the mid-latitudes and the subtropics 
and (2) the subtropics and the tropics of each hemisphere, as well as (3) the 
inter-hemispheric events occurring between 5N to 5S, and the even larger region 
Giro to 15S. 

Since no other temperatures are to be used in this study, mean window-channel 
temperatures (Th) will hence forth be denoted in the functional form UD, De tee 


where Ox latitude, A = longitude at five degree increments a: ond the globe, 


é 





and k is the time index, k= 1,...,15. For each five-day mean map, Fourier 
analyses was applied along the eight key latitudes (P). | 

Comparision of the successive five-day mean maps shows significant spatial 
and temporal variability in the temperature fields, Individual weather troughs 
and ridges, and/or lows and highs in Me ona five-day mean chart are easily 
recognized but these systems seem to oscillating about their mean positions rather 
than exhibiting any systematic motions. This difficulty in tracking individual 
features led to the selection of the Fourier analysis method to describe the clima- 
tology of the large-scale monsoonal character of the pericd, The results were 


examined and found to be characteristic of large areas in both hemispheres . 
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Ill. THE FOURIER ANALYSIS 


Consider the arbitrary meterological parameter UD ; uN k) and assume that 
at latitude P, and time k, the radiometric temperature T( A), may be repre- 
sented around a latitude P by a Fourier expansion in wave number space, such 
as: 


18 
TO) = eee A cosnA+ B_sinn )) (1) 


Here the parameters To, A, and 8 are defined as: 


O 
27 
} ~ 
A a5 THA) cosnA dA 2 
- 277 (A) (28) 
De 
1 5 
B = 97° T(A) sin nAd (2C) 


oO 


The series in equation (1) could be defined for 35 harmonics becciuse the data 
sample included 73 data points, but it was found that those waves above 18 repre- 
sentedessentially noise, not for example, real synoptic patterns of lows and highs. 
Hence the maximum wave number n considered in equation (1) was 18, Equation 
(2A) is the zonally-averaged window-channel temperature around latitude f 

at map-time k, Also, Ne and B of equations (2B,2C) are obtained by integration 
of the function T( A) weighted multiplicatively by cos n Aor sin nA respectively 
over each of the 72 4A intervals for each latitude. The canpu‘er program de- 


veloped also lists the percentage of the variance 
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9 ] 7z 
a (Pee =>», ((A)-T)” ©) 
pe O 


around the latitude circle explained by the inclusion of each wave n= 1,...,18. 


An expression equivalent to equation (1) is: 


18 
i Ay 1 Soon = a (4) 
O n 
972: 2 
where ye is the primary phase angle. Comparison of equations (1) and (4) leads 
to results: 


A ews 
n n 


n 
(S) 

B =C sin W 

n n n 

and further to: 
1 
2 yaa 

Cone +B) 

x : i (6) 


Y . = arctan(B /A_ ) 


The phase angle Y can also be viewed as the direction angle in polar 
n 
coordinates of the complex number A_ + iB. Percentage conti ibutions to the 
n 


total variance by each harmonic n = 1,....,18, are defined as: 
2 
% Explained Variance = Cc. /2 (7) 


2 
Here @ is the variance statistic for each latitude P and time k identified by 


2 
equation (3) and C. /2 is the contribution to the total variance by the Fourier 


wave number n. 





In summary several useful statistics can be obtained from map-by-map decom- 
position of the longitudinal arrays of satellite sensed epee. The major 
statistics obtained at key latitudes and for each time period were: 

(1) The mean temperature i 

(2) The total variance a : 

(3) The Fourier wave amplitudes Cc ofan asc, 18; 

(4) The percent contribution to the total variance by each wave number n, 

(5) The primary phase angle We Ore ye S 360°, for each wave number 

nN. 
Considering the phase angle a. it should be noted from equation (4) that the 
maxima in T( A ) occurat Amex = Ca + 27 Mn, M = 0,..., n-]. In 
LL. 


the statistics which follow, the primary phase ia will be shown to be related to 


the correlation of harmonics between adjacent latitudes ona given day, 








IV. SIGNIFICANCE OF THE POWER-SPECTRAL ESTIMATES 
AS FUNCTIONS OF SPACE WAVE NUMBE® 
NUM 


A, PERCENTAGE EXPLAINED VARIANCE BY WAVE NUMBER ALOND KEY 

LATITUDES , 

One of the results generated in this study, was the percentage of explained 
variance along each of the eight key latitudes for each of the map times, These 
are examined to determine which of the harmonics N = 1,....,18 provided 
significant contribution to the overall variance o? (%,k), ice. , variance at 
a specific latitude at a specific time, 

A two-way analysis of variance involving both spatial and temporal periodicity 
of the waves was not performed because of the small sample of lags between indi- 
vidual maps (namely k = 14), Instead, it was decided to compile a census only 
of those harmonics N which passed a significance test, an F-test for one-way 
analysis of variance along the latitude 2D. 

B, APPLICATION OF THE F-TEST AT HARMONIC WAVE N 

The F-statistic defined by the influence of the Nth harmonic on the total 

variance ae 


F, = % variance explained after wave N, added 
N a. 
% variance unexplained after wave N 


Ge 726-7) J /2 


ee (8) 
[1 - ( EC,"/2 x) ]/ (9 = 2N-1) 


20 





In equation (8), the division of the bracketed expression in the numerator by the 
factor 2 is necessitated by the use of two degrees of ee employed when the 
Nth wave is added in equation (1), namely the specification of Any By) at step 
N. On the other hand, in the bracketed expression of the denominator of 
equation (8), the integer divisor (77 -2N-1) describes the fact that the mean 
percentage unexplained variance after N steps is associated with the remaining 
degrees of freedom at step N: 
D.F. (denominator) = 7 - (2N+1) 

Here 7? = 72 is the number of separate points used in computing the variance, 
Subtraction of 2N+1 expresses the fact that one degree of freedom has been used 
in evaluation of the mean, and the additional 2N have been used in determining 
the N harmonies to the Nth step in equation (1). 

The F,\-statistics for each addition of one of the 18 waves around each lati- 
tude and for each time period was computed. This was completed using listings 
of the additional percentage of variance explained stepwise by waves N, N = 1, 


~-e,18, In order to estimate the significance at the 95% confidence level , the 


* defined at 2 and 7 1~2N degrees 


Fiyrstatistic was compared with a critical F 


IN 


of freedom. The critical F,.~ at the 95% fiducial limits ranged monotomically 


N 
between: 
F, = 3,15 to Fo, = 3,28 
is |: 
as N ranges successively from N = 1 toN = 18, The tests showed that virtually 
none of the wave harmonics higher than n = 12 passed the significance test so 
that equation (1) was truncated at n = 12, The spectral density associated with 


waves | through 12 appear in Tables 1 through 4 and Tables 7 thiough 14, In 


2\ 





each of 12 tables, spectral densities are presented with respect to latitude (eight) 
and map time (15). The last two lines of these tables list the mean and standard 
deviation of the time-array of the power~spectral values for the sampling period, 
An asterisk indicates those particular cases for wave contributions which failed 
to qualify as significant at the 95% level. It is to be noted in general, that as 


N increases, fewer numbers in Tables 7 through 14 qualify as significant. 
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Table 1. Contribution to the power spectrum for wave number 1 for individual 
map times k = 1,...,15, and by selected key latitudes DP . Included for each 
latitude is the time-mean and standard deviation (SD), Units: degrees Kelvin 
squared. Values followed by an * did not qualify on the 95% level using the 
F test. 


BS 





PN 59S ars 15S 5S 5N 15N 


2033 1504G Go29 *21e29 32082 47018 
6622 15674 500) «621081 «618692 48096 
1006 * 2045 * 9053 32052 27048 Fe 
iim ilecm 20908 1lavo WoW ss 1 OU 
070 * 2085 *% 9005 #10025 23553 31046 
HelGom Bol Tet Do59M™ 26939" F058 44699 
4,89 9o%3 te Be 9,50 24097 84046 
etic meee wIO | 0.13% 8016 53030 10/6 
Osa 2.24um 5.02 *. 5.60 F 18.40 92016 
Bs ee. Seow Uo S5 6,70 ete 42024 
9. 66 1.55 © 1613.% 5eol6% 16027 44008 
eee Oe Miva ce tgs Sage Cine a CO ES 
1046 1646 * 0083 * 832 26837 69516 
eae wer ZopSZ 6041 bea wow >ooS 
Beers 36) 0059 * 25624 15072 45056 


a. 


sk 


= fe SP eS eS 
in &FWN ft OO O™N Ov WR SW Ns 


MEAN 1.94 Sieet 1. Pali lbeoe Ne lede 64091 
Siete Oc 4498 2093 SY Oo telat ae Soe 


3GN  5.GN 
Gos «10083 
bo42 #18079 
7 Cpa os 2 
63.87 6305 
TAB ea | Wee 
B7ott 292 
6500208 loeed 
58051 Te26 
151492 ko23 
BAc5G aoe 
64098 itfero 
hoel8 “oC 
42024 1404 
690065 403% 
51084 4058 
68.18 8533 
33072 Sane? 


Table 2. Contribution to the power spectrum for wave number 2 for individual 
map times k = 1,...,15, and by selected key latitudes & . Included for each 
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin 
squared. Values followed by an * did not qualify on the 95% level using the 


paresis 


24 


, 





Ag 50S 
Jo 94% 
lo 8&4 
Ro | 
Oe 1 Se 
Soret 
56 69 


—_ 
CPO ON WN FW DN PF 


— 

= 
AS) 
¢ 
Cc 


-e FP PP RP 
WM = Ww & 
© 
° 
as 
'y 
2 


MEAN 3016 
SOT 2Zac9 


36S 


16.96 


Vs Sea 
Bo37 
4085 
Bu, 
8006 
6099 
49,93 
0006" 
Bace 


Relies At 


Lie D2 


iowa 
Ques f™ 


a * 
woz 


4062 
4o32 


Lays 


2c 2 
Cae) 
4663 
0.0224 
Cove 
Sig 5 Sy 
3082 
2 are 
2069 
4o27 
Oe tous 
3.38 

o 21% 
0.46% 
iD. 58 


Siow 


Zook 


aS 


0.20% 
So 83 
203% 
Pre ao 
8078 
1c) 
Zio 69 
oo nc 
19. 34 
Z Dex o 
L4e f% 
11.261 
3094 
Me rs (on, 


Leo ed ere 


i 6 23 
7097 


SN 


15.38 
4,77 
6017 
6012" 
30094 

EC ao 
4039 
201% 

es ley 


4017 
Lo2 
2a 0 
19.66 


bo 45 


13084 


to/6 
Se 5 3 


15N 


eel 
16023 
9256 
laa 
DO 
6036 
ae 
Mate 
“445 82° 
ae? 
Got G: 
22039 
15065 
ZOD 
120158 


10014 
ose) 


20N 5ON 
ent) 12565 
0044" 11.84 
Los) Oe 
fie. Bia 
8009 7.60 
9eo1l7% 3039 
Ue) Wee 
8065 6074 
18686 5065 
Tee le: ees 
ifoiC G.uB 
£9042 9455 
rare es Leeos 
33027 loli 
13022 5034 
iSe22. ~4e93 
11084 30389 


Table 3, Contribution to the power spectrum for wave number 3 for individual 


map times k = 1,...,15, and by selected kay latitudes P, 


Included for each 


latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin 
squared. Values followed by an * did not qualify on the 95% lavel using the 


F test, 
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Table 4, Contribution to the power spectrum for wave number 4 fer individual 
map times k= 1,...,15, and by selected key latitudes QP. Included for each 
latitude is the time-mean and standard deviation (SD), Units: decrees Kelvin 
squared, Values followed by an * did not qualify on the 95% level using the 


F test, 
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Vemeer nee ION OF FEATURES ACROSS KEY LATITUDES 


A. CORRELATION RELATIONSHIPS BY FOURIER ANALYSIS 

It should be noted that in IV, it was found that in the mean at any given map 
time and along a key latitude, an average of 93% of the explained variance 
could be accounted for by the first 18 harmonics and 89% by the first 12 harmonics. 
The reduction to 12 harmonics was made on the basis of removal of the higher wave 
numbers which failed to yield significant F-levels. 

It is desired now to determine the usefulness of the specification of T( A) in 
the form (4) on the basis of computations which involve the phase angles We. at 
wo adjacent key latitudes P,, Bz as these have been identified in II, Thus, 


the Fourier series 


aL 
T(A)=T , + XC. cos(ndA- ¥.) (10) 
l ole cad nl 

oe 
T = 7 7 aD A - 1] 
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are defined at P ; Po, respectively. Correlation between vclues at identical 
J 
longitudes along the adjacent latitudes are determined from the deviations un ae 
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Tf A) from the respective zonal means: 
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The right side of (12) represents the integration of 144 combinations of products 


of form: 
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Because of the closed integration, the second-term within the braces of the last 
expression must always integrate to zero for all combinations of n,m. The firs# 

term inside the braces also integrates to zero whenever n# m,_ Thus the original 
integral (12), which represents the simple correlaticn coefficient (r}9) is 


reducible to the sum of 12 terms as follows: 
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It is well known that if the amplitudes C D are relatively small compared 


nls 
to the values required for significance, the corresponding phase angles cannot be 
resolved satisfactorily, Moreover the angle (Y - Peo) can range from values 
within + 90 degrees which gives a positive contribution to (14); and to negative 
values for the range 90 < ae - Vo! < 270 degrees, which represents 
essentially an out-of-phase relationship for waves n across latitudes oe Do. 
The important point to be noted is that regardless of the significance of a phase- 
difference, the cosine of this angle carries the built-in weighting factor 
C. Dey SO that insignificant contributions to the sum (14) are self- 
eliminating. The results of the correlation coefficients (r)5) for pairs of key 
latitudes are shown in Table 5. 
B, CORRELATION RESULTS USING CONVENTIONAL SAMPLING 

A second method of computing r'19 is to use the pairs of 1 (A), 1 ( A), 
computed across successive key latitudes. This correlation coefficient is defined 


by the formula: 


1 
t 
= Toe To, 1 
The results of these computations are shown in Table 6and are seen to agree very 
well with those of Table 5, 
In general, correlations between adjacent key latitudes in th. Northern Hemi- 


sphere are larger than the correlations for the Southern Hemisphere. In particular, 
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the correlation for 15-30N is generally high for the entire period, indicating that 
the events or weather patterns at 30N are very similar to those at ISN. This high 
correlation is not present for 15-308. It is interesting to note that highly consis- 
tant negative correlation can only take place when the phase angles are out of 
phase, that is, they have the range 90 < /¥., - Yo < 270 degrees. This 
indicates an independence of events or weather patterns between 30-508. Since 
this negative correlation exists between 30-50S for almost the entire 75 day period, 
we should be able to observe physically different weather patterns along the same 
longitude at the two latitudes for any given period or for the mean map for the 
entire period, Patterns that would give the out-of-phase relationship noted for 
30-508 are not apparent in Figures | through 6 because in such depictions the 
smaller wave number features mask them, !# cen be seen, however, that the 
long-wave patterns are out of phase for these latitudes and it is this long wave 
negative contribution to the correlation SGA, that is dominant. When only 
the contributions from the first four waves were considered in equation (14), the 
correlation coefficient values for 30-50S were essentially as listed in Tables 5 or 6, 
This confirms the statistical results concerning 30-50S , 

There are high correlations between all latitudes in the Northern Hemisphere 
for periods 12 and 10 and for 15-30N for period 11, Figure 5 is a mean for the 
above three periods and should provide a sample of weather patterns that are in 
phase. With some difficulty one can determine the long wave pattern along 
15-30N. The long wave pattern is essentially the same for both latitudes, in 
particular wave 2 can be discerned with a maximum over Africa and one over the 


Pacific, In summary, a high correlation between latitudes indicates that a simi- 
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lar weather pattern exists over both latitudes and that the weather pattern is 


essentially in phase in the north-south direction. 
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VI. DISTRIBUTION OF VARIANCE AMONG THE MAJOR WAVES 


A, THE ZONAL MEANS AND VARIANCE AT KEY LATITUDES 

High values of variance indicate large variability in the cloud cover along 
the latitude (2. The NIMBUS II temperatures sensed vary considerably from one 
period to another as well as around a latitude. It should be recalled that single 
events such as a single cumulo-nimbus are not observed since each of the periods 
was a five-day composite of cloud conditions, therefore variability is a descrip- 
tion of larger-scale events. 

Figures 7 and 8 depict the total variance for the key latitudes considered in 
both hemispheres, The larger variances in the Northern Hemisphere during the 
period should be noted. Because of the distribution of continents and oceans 
in the Northern Hemisphere and their respective zonal temperature differences, 
the variance for the Northern Hemisphere was expected to be larger than for the 
Southern Hemisphere with its predominance of ocean area. Figure |, which is 
the mean map for the 75 day period essentially shows the climatological state 
with alternate cold and warm cells in the Northern Hemisphere and an absence 
of these structures in the Southern Hemisphere. These cellular patterns would 
produce higher variances in the Northern Hemisphere. 

Figure 9 displays the mean temperatures T, versus time. The relatively small 
amplitude time-traces of T. reinforces the conclusion that the Southern Hemi- 
sphere is more stable in its radiometric climatology than the comparable latitudes 


of the Northern Hemisphere. Smoothed curve tracings in Figure ? also show a 
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Figure 7, Total variance versus time for selected latitudes in the Northern Hemisphere . 
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Figure 8. Total variance versus time for selected latitudes in the Southern Hemisphere. 
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Figure 9, Zonally averaged temperatures (7) for selected latitudes versus time, The scale 
in degrees indicated at 50N is applicable to the remaining latitudes. 
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general warming tendency for latitudes 30 and 50N during the overall period of 

the Northern Hemisphere summer, while there is a Bee eerie at latitudes 

ISN and SN. In addition latitudes ISN and 5N have a lower mean temperature 

for the 75 day period than does latitudes 15S and 58, indicating the proximity 

of large-scale cloud build-ups associated with the ITCZ. This situation is reversed 
for the more poleward latitudes, 30S and 50S, which have lower temperatures during 
the period than 30N and 50N. 


B, DISTRIBUTION OF PERCENTAGE EXPLAINED VARIANCES AMONG THE 
MAJOR WAVES 


Figures 10 and 11 represent percentage contribution fo variance by the first 
eight waves, Another way to visualize Figures 10 and 11 is as variance contri~ 
butions by waves one through eight, relative to the total variance normalized to 
unity for each latitude. 

The first observation is that the first four waves in the Northern Hemisphere 
contribute more to the variance than in the Southern Hemisphere. Thus, the 
contribution of percentage variance for waves 5 through 12 is more significant 
for the Southern Hemisphere. 

The second observation is that wave 2 is a dominant contributer in all northern 
latitudes but is minimally represented in southern latitudes. Wave 2 has been 
described as being a reflection of the land-sea distribution around a latitude. The 
large contribution by wave 2 in the Northern Hemisphere cases and its relative 
absence in the Southern Hemisphere supports this description, 

Both at ISN and 158 one observes from Figures 10 and 1] a minimum contri- 


bution by wave 1, In the case of I5N, the small contribution ft -ariance by wave 
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Figure 10. Percentage explained variance versus time for selected lafi 


in the Northern Hemisphere contributed by waves | through 8. 
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in the Southern Hemisphere contributed by waves 1 through 8, 
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1 is compensated by large contributions by wave 2, but for 15S, waves 3and 4 
make up in part for the small contribution by wave 1. 

Overall, the largest contribution to variance is made by wave 1, but for the 
Northern Hemisphere alone wave 2 contributes most to the variance. 

C., CONTRIBUTIONS TO VARIANCE BY HIGHER WAVE NUMBERS 

We now focus our attention primarily upon the wave number groups n = 5-6 
and 7-8 to look for sources of additional normalized variance (called ANV) 
beyond those just studied in VI-B, Our tests for statistical significance have led 
us to examine the significance of these middle~scale waves in pairs since the 
rioise superimposed upon the data sample tends to move the line-spectral effects 
from one wave-number to an adjacent one. Figures 10 and 11 also display the 
contributions by the pairs of wave numbers 5-6 and 7-8, 

If one uses the Southern Hemisphere as a preliminary guide, it is clear that 
substantial added variance is often accounted for by considering the contributions 
by the general wave group 5-8 inclusive. The effects of the additional normal- 
ized variance (ANV) are most marked at 15S, where it comprised as much as 50% 
in one case, The values of ANV at 15S seem to deviate about a mean of 25%, 
with a minimum of 10% and the maximum of 50%, At both 5S and 30S, the 
values of ANV are also substantial in waves 5-8, but somewhat smaller than at 
15S, in magnitude. The average increment was about 20% with a range averaging 
from 15% to 25%, There was a slightly more definitive trend for additional 
variance to be manifested in wave group 5-6 than 7-8. The ANV's for all three 


latitudes tended to be nearly in phase date-wise. 
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The added variance by the wave~group 5-8 at 50S is smaller, averaging ap- 
proximately 10% with a correspondingly smaller deviation about the mean at 
50S. No marked preference is shown for the number-group 5-6 relative to 7-8. 
The consideration of even more harmonics beyond n = 8 may be indicated from 
the fact that now (withn = 1,..,8 included) the normalized variance fails to 
exceed 70% in six of the fifteen periods at 50S. 

In the Northern Hemisphere, the pattern of additional normalized variance 
(ANV) is quite different to that just described for the Southern Hemisphere. Now 
the maximum ANV is located at 50N, with a secondary maximum at 5N, followed 
by a tertiary maximum at 30N and the minimum ANV at ISN. Here we are 
speaking of average values of ANV of 25% at both 50N and 5N, and of 15% = 
5% in the 15-30N zone, 

In the Northern Hemisphere, peak values of ANV tend to occur within phase 
across the latitudes if a tolerance of one map is allowed, 

In the Northern Hemisphere, with waves | to 8 specifying the variance at 
generally over 75%, there is little further noise-free variance to account for. 

In the Southern Hemisphere, there were indeed some map periods when more 
variance could be accounted for by combinations of waves in the group 9-12, but 
these did not seem to afford any systematic time-sequence across the key latitudes: 
Hence, the analysis of variance attributed to waves 9-12 suggests that the detec- 
tion of additional normalized variance is not likely to refine the climatology 


further. 
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Vil, CONCLUSION 


The large climatological features can be described by analysis of window- 
channel temperatures as sensed by satellites at some synoptic-scale space-smoothing 
interval, Fourier analysis provides a tool which is useful in describing the larger 
scale weather events, Fourier analysis results indicate clearly many differences 


in the Northern-Southern Hemispheric weather patterns. 
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APPENDIX A: CONTRIBUTIONS TO THE POWER SPECTRUM 
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Table 7, Contribution to the power spectrum for wave number 5 for individual 
map times k= 1,...,15, and by selected key latitudes MD. Included for each 
latitude is the time-mean and standard deviarion (SD). Units: degrees Kelvin 
squared, Values followed by an * did not qualify on the 95% level using the 

F test, 
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Table 8, Contribution to the power spectrum for wave number 6 for individual 


map timesk=1,.. 


., 15, and by selected key latitudes @ . 


[ncluded for each 


latitude is the time-mean and standard deviation (SD), Units: degrees Kelvin 


squared. Values followed by an * did not qualify on the 95% level using the 
F test, 
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Table 9. Contributions to the power spectrum for wave number 7 for individual 


map times k = 1,...,15, and by selected key latitudes D. 


Included for each 


latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin 


squared. Values followed by an * did not qualify on the 95% level using the 


Potest. 
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Table 10, Contributions to the power spectrum for wave number 8 ‘or individual 


map times k = 1,...,15, and by selected key latitudes @. 
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin 
squared. Values followed by an * did not qualify on the 95% level using the 


F test, 
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Table 11. Contributions to the power spectrum for wave number 9 for individual 
map times k= 1,...,15, and by selected key latitudes 2D, 
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Included for each 


latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin 
squared. Values followed by an * did not qualify on the 95% level using the 
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Table 12. Contributions to the power spectrum for wave number 10 for individua| 
map times k=1,...,15, and by selected key latitudes D. Included for each 
latitude is the time-mean and standard deviation (SD). Units: degrees Kelvin 


squared, Values followed by an * did not qualify on the 95% level using the 
F test. 
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Table 13. Contributions to the power spectrum for wave number 11 for individual 
map times k = 1,...,15, and by selected kay latitudes D Included for each 
latitude is the time-mean and standard deviation (SD), Units: degrees Kelvin 
squared, Values followed by an * did not qualify on the 95% level using the 

F test. 
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Table 14. Contributions to the power spectrum for wave number 12 for individual 
Included for each 


map times k = 1,,..,15, and by selected key latitudes D 
latitude is the time-mean and standard deviation (SD), Units: degrees Kelvin 
squared, Values followed by an * did not qualify on the 95% level using the 


F test. 
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